Summary The possibilities of clustering between those electoral wards which display higher than expected incidences of cases of the lymphomas occurring between 1978 and 1982 Jansson (1983) . When the distribution of these wards is considered, two test variables are used to evaluate the degree of ward aggregation. These are firstly the size of the largest aggregation of these wards i.e., a 'cluster' and secondly the overall number of such independent 'clusters' throughout Yorkshire. In this context a 'cluster' is considered to be the number of high risk wards which are adjacent to each other, by either sharing a common boundary or meeting at a point. A single independent ward within the upper 10% of the distribution is technically regarded as a cluster of size 1. Probabilities of obtaining the observed largest 'cluster' and total number of 'clusters' for a given number of high risk wards are estimated with a Monte Carlo simulation. The data required for the programme to perform this task include a list of wards together with those wards which are 'neighbours', as well as the identification of
The geographic pathology of lymphomas requires evidence from reliable data sets which can be analysed with a high degree of precision. Variation in childhood cancer including leukaemias and lymphomas has been examined at electoral ward level by Craft et al. (1985) in the Northern Health Region of the UK. However, this study is dependent on cancer registry data, the reliability of which may be doubtful in the case of lymphomas (Barnes et al., 1986) . Other attempts to investigate local clusters of lymphomas have searched for space-time interactions rather than geographical clusters.
Analysis has generally been confined to Hodgkin's disease (HD) or to acute lymphoblastic leukaemia (ALL) in children but the results have been equivocal. However, a recent study has cast doubt on the ability of the statistical techniques employed to identify certain types of clustering (Chen et al., 1984) . The techniques used in cluster analysis are limited in that they often presuppose an infective aetiology and may therefore miss other important local, purely geographical factors.
We have recently established a reliable data set for all histologically confirmed lymphoma cases normally resident in the Yorkshire Health Region and diagnosed between 1978 and 1982. This has previously been analysed at local authority district level to reveal considerable geographic variation in lymphoma incidence (Barnes ct al., 1987 Jansson (1983) . When the distribution of these wards is considered, two test variables are used to evaluate the degree of ward aggregation. These are firstly the size of the largest aggregation of these wards i.e., a 'cluster' and secondly the overall number of such independent 'clusters' throughout Yorkshire. In this context a 'cluster' is considered to be the number of high risk wards which are adjacent to each other, by either sharing a common boundary or meeting at a point. A single independent ward within the upper 10% of the distribution is technically regarded as a cluster of size 1. Probabilities of obtaining the observed largest 'cluster' and total number of 'clusters' for a given number of high risk wards are estimated with a Monte Carlo simulation. The data required for the programme to perform this task include a list of wards together with those wards which are 'neighbours', as well as the identification of high risk wards. The simulation processes which randomly reassign the high risk wards for the Yorkshire Health Region within the 536 wards was repeated 10,000 times for each subgroup of the high risk wards being considered. A cumulative frequency distribution was produced for both variables from which probabilities of obtaining observed values of the variables were directly calculated.
The process was repeated using a table of wards which not only contained the immediate neighbouring wards but also wards separated by no more than one ward from the original high risk ward. Although not presented in this paper, the 'low grade' category of the 'diffuse' NHL was reassigned to a new bifurcation into low and high grade disease. The diffuse and the high grade results had little to distinguish themselves and the diffuse category was retained because this historically was the method used by the Yorkshire Regional Lymphoma Panel which was one basis of this study.*
Results
The observed total number of wards with an excess of cases occurring with a probability of less than 0.1 varied between 18 in the case of follicular non-Hodgkin's lymphoma (NHL) and 44 for all NHL. Examples of observed distributions of high incidence wards are shown in Figure 1 for all Hodgkin's disease (HD) and Figure 2 for Figure 2 that 'a' and 'b' refer to split wards and the artists requirement to show the separate high adjacent wards has led to a non-adjacent ward appearing to be adjacent in part of West Yorkshire. Table I shows the observed variables: 'observed size of largest cluster' and 'observed total number of clusters' for the principal subtypes of HD and NHL together with levels of significance estimated using a table of direct neighbours in the Monte Carlo simulations. HD as a whole shows a significantly low total number of clusters due to the number of pairs and triplets (as shown in Figure 1 ), although no single cluster is significantly large. The total number of clusters are low because of the described aggregations. Diffuse NHL by contrast shows a significant high probability for the size of the largest cluster whilst the total number of clusters is also reduced. Figure 2 shows that there are two NHL clusters of the diffuse disease of 5 wards within the Yorkshire Health Region, both having further high incidence wards singly separated by the lower rate wards. No other diagnostic group shows a significant tendency for high risk wards to aggregate in this way. Table II shows the results in Figure 2 analysed by the proximity of both singly separated wards. For the pooled category of all lymphomas there is a significantly low total number of clusters although there are no differences in the size of the largest cluster.
The most marked differences are found with NHL where for the all case group, significant differences from random occur both for the largest number of wards in any cluster and the total number of clusters of wards. The diffuse NHL subtype group also shows a highly significant deficit of the total number of clusters but the follicular subtypes fail to reach significance for either the largest number or the total number of clusters. cases at a probability of < 0I%. a, b: These indicate that these are physically separated but the same ward i.e., each ward split into two geographical parts (like the old county of Flint). Statistics do not allow us to separate them into two geographical units. N.B. The North Leeds cluster is in fact 5 not 6 adjacent wards: artistic licence has made one appear adjacent.
Our conclusion is that these data reflect interesting differences in the geographical distribution of HD and NHL which could be of aetiological significance, even with the limitations in the analysis. The distribution of HD is apparently characterised by many small groups of ward aggregations of high incidence whereas NHL and particularly the diffuse subtypes show fewer aggregations although those which do occur are much larger. Apart from these larger clusters, the tendency for the rest of the high incidence NHL wards to aggregate is almost entirely absent and certainly not greater than would occur by chance. At the present time, the analysis is ignoring whether HD or NHL, high or low incidence wards are overlapping: it is merely looking at the patterns formed. If these varying spatial patterns reflect differences in aetiology the pattern displayed by HD probably is more in keeping with a micro-epidemic process which could occur in any place while that of diffuse NHL is more in keeping with the broader influence of environmental factors covering a wider area but confined to certain localities. Local environmental variations, which could correlate with the aggregations observed in Figure 2 are not immediately apparent when judged by eye.
This aspect is not the subject of this paper and will be addressed later. Nevertheless the areas where the high NHL wards occur between 1978 and 1982 are very similar to those areas with high rates of NHL described in separate surveys in 1984 and 1985. The considerable increase in significance achieved by including wards separated by up to one other ward as part of the same cluster is also of great interest. This increase in the size of each ward cluster is slight in HD (the total number of groups reducing from 21 to 18), but has a major effect in the total number of clusters of NHL (33 to 17 groups) high incidence wards. This could well be a further reflection of the apparent tendency of NHL aggregations to cover a larger but more specific area than the HD aggregations. It also suggests that consideration of adjacent wards alone as in Table I missed some geographical areas of interest. This is always possible when observing a rare disease where the differences between high and low incidence areas, as we have described them, may not be great. Such 'low density' effects may contribute significantly to the overall pattern of high incidence ward aggregation although they are not as readily observable as those identified by the immediately adjacent aggregations, when maps are used.
In view of their unique nature these results require further verification in different areas and over a longer time to ascertain whether the high incidence areas represent statistical uncertainties, transient phenomena or long standing effects. They also emphasise the need for reliable data sets, as reported in this paper, using pathological re-diagnoses and accurate case ascertainment.
